In this study Taguchi based grey relational analysis is used to find out optimum process parameters for Particle Swarm Optimization. PSO-type, population size and C values are selected as process parameters for this analysis. The parameters obtained by the analysis can generate better result with in a preferable time. A supportive case study shows the effectiveness of the proposed approach.
Introduction
Particle swarm optimization (PSO) is a biological swarm intelligence based optimization. PSO algorithm was proposed by Kennedy and Eberhart in 1995. Particle Swarm Optimization is stochastic in nature and it search randomly to find optimum solution. It is a effective optimization technique to search for global optimization solution.
The idea of PSO originates from mimic bird flocking or fish schooling as described by Kennedy and Eberhart " Particle swarm algorithm imitates human (or insects) social behavior. Individuals interact with one another while learning from their own experience and gradually the population members move into better regions of the problem space", [Kennedy and Eberhart (1995) ]. The basic of PSO algorithm is to create a population of agents (called particles) uniformly distributes over x. Then evaluation of each particle's position according to the objective functions. After that updating a particles current position if it is better than its previous best position and determine the best particle according to the particle's best previous positions.
In modern manufacturing processes Taguchi method becomes very useful to optimize theproductivity with increased product quality [Peace(1993) ]. But Taguchi method basically optimizes single quality characteristics only and in case of multiple quality characteristics one improved characteristics can dampen othercharacteristics. So engineers have to compromise while taking decision thus increasing the uncertainty. To solve such problems Deng in 1982 proposed grey system theory [Deng (1982) ].This method normalizes multiple quality characteristics and converts them into single grey relational grade which make it easier to take proper decision.
In this paper using Taguchi based grey relational analysis, different process parameters of Particle Swarm Optimization such as PSO types, Population size, and 'c' values were evaluated to get better optimum parameters.
Nomenclature

PSO
particle swarm optimization C value acceleration coefficient μs micro second
Types of PSO
Basically particle swarm optimization is three types
PSO-O (PSO-original)
PSO-O is the original PSO algorithm proposed by Eberhart in 1995 [Kennedy and Eberhart (1995) ]. In this case the velocity and position of the particle changes according to the following equation
Here i is the index of particles and v i t is the velocity and X i t is the position of particle i at time t. The parameters c 1 and c 2 are acceleration coefficient supplied by the user. The values r 1 and r 2 (0 ≤ r 1 ≤ 1 and 0 ≤ r 1 ≤1) are random values regenerated for each velocity update. The value pb i t is the individual best candidate solution for particle i at time t, and gb i t is the swarm's global best candidate solution at time t. There are three terms of the velocity update equation and each of them have different roles in the PSO algorithm. The first term v i t is the inertia component, which is responsible for keeping the particle moving in the same direction it was originally heading. c 1 r 1 t *(pb i t -x i t ) is the second term called as cognitive component, acts as the particle's memory, for which particles has the tendency to return to the region of search space where it has experienced high individual fitness. The cognitive coefficient c 1 affects the step-size the particle takes toward its individual best candidate solution pb i t . And the third term c 2 r 2 *(gb i t -x i t ) called the social component, causes the particle to move to the best region the swarm has found so far. The social coefficient c 2 represents the step-size the particle takes toward the global best candidate solution gb i t the swarm has found up until that point. The random values r 1 and r 2 in the cognitive compound andsocial component respectively cause these components to have a stochastic influence on the velocity update. Due to this nature the particle moves in a semi-random manner heavily influenced in the directions of the individual best solution of the particle and global best solution of the swarm [Blondin (2009) ].
PSO-IW (PSO-Inertia Weight)
PSO-IW is another kind of PSO algorithm proposed by and Shi and Eberhart [Shi and Eberhart (1998) 
Here w is the inertial coefficient which can either dampen the particle's inertia or accelerate the particle in its original direction [Shi and Eberhart (1998) ]. Generally, lower values of the inertial coefficient speed up the convergence of the swarm to optima, and higher values of the inertial coefficient encourage exploration of the entire search space [Blondin (2009) ].
PSO-CF (PSO-Constriction Factor)
PSO-CF was proposed by Clrec and Kennedy [Clerc and Kennedy (2002) 
Here the 'constriction factor' is denoted by 'χ'. φ = φ 1 + φ 2 φ 1 = c 1 r 1 and φ 2 = c 2 r 2 ,k=[0-1]
Grey Relational Analysis
Grey relational analysis widely used in the processes having multiple quality characteristics to find the optimum parameter [Deng. (1989) ].The fundamental idea of this method is to give single grey grade to every parameter by normalizing the different characteristics. By using Taguchi based grey relational analysis to find the optimum parameter for Particle Swarm Optimization need to follow some stepsa) Identifying the process parameters and the quality characteristics which will be evaluated. b) Levelling of parameters. c) Depending upon the number of levels select the proper orthogonal array and assign the parameter to that. d) With respect to the array conduct the analytical run. e) Normalise the quality characteristics. f) By grey relational analysis calculate the grey relational coefficient and grey relational grade.
Normalization
Normalisation of data can be done by three different way. When greater value of the characteristics improve the quality the "larger the better" method is used.
When lower value of the characteristics will ensure better quality then "smaller the better" method is used.
Where x i * (k)is the grey relational generated value, min.x i (o) (k) and max.x i (o) (k) is the smallest and largest value of x i (o) (k) respectively for the k th response.
If targeted optimum value (OV) for quality characteristics is there then "nominal the better" method used.
Grey Relational Coefficient
The grey relational coefficient i (k) can be calculated as:
is the deviation sequence from the reference sequence x o * (k) and comparability sequence x i * (k); ϛ is the distinguishing coefficient (0-1); Δmin and Δmax are the smallest and largest value of Δ 0i respectively
Grey Relational Grade
Grey relational grade can be obtain by averaging the Grey relational Coefficients. 
Where β k is the given weight to the k th factor and n isthe number of characteristics.
Case Study
The following case study describes the optimum parameters for Particle Swarm Optimization. This study was done by using the fitness function of Tool Wear Ratio (TWR) of EDM process. TWR = 0.059 -0.0003X 1 + 0.0044X 2 -0.0035X 3 + 0.0037X 4 + 0.0024X 1 X 2 -0.0034X 1 X 4 -0.0013X 2 X 3 + 0.0016X 1 2 + 0.0018X 2 2 + 0.0014X 3 2 + 0. 
Analytical Runs and Details
Analysis was carried out by changing acceleration coefficient values [Sun et al. (2010) ; Mahapatra et al. (2011) ] PSO type and Population size.To start analysis first of all levels were given to every parameter shown in Table no 1. Then to minimize the number of analytical run Taguchi's L 9 orthogonalarraywas used where 9 sets of data were selected to find out the quality characteristics for every selected sets of data [Taguchi. (1990) ]. In this study convergence time and average objective are considered as the quality characteristics of PSO. For every sets of data ten number of test runs were conducted and the average values of every quality characteristics were taken for optimization. The sets of data and the founded characteristics results are shown in Table 2 . The selected characteristics were 'time of optimization' and the 'average objective'. The various parameters were different typesof PSOs, Population size (pop size), acceleration coefficients (c values).
Result Analysis
The analytical computing results of two quality characteristics that are convergence time and average objective are shown in Table 2 . As the lower value of time and average objective will give better result so for data pre-processing or normalization was done by "smaller-the-better" method. The calculation was done by the help of the equation (7).
The normalized values are shown in Table 3 . The deviation sequences were measured by the equation
The deviation sequence is shown in Table 4 . distinguishing coefficient (ϛ) was taken as 0.5. The grey relational grades were calculated by equation (11). The weightages were given as 0.3 and 0.7 for grey relational coefficient of time and grey relational coefficient of average objective respectively. The values of grey relational coefficients and grey relational grades are shown in Table 5 . The mean grey relational grades for each process parameters and levels are shown in Table 6 . Here delta is the difference between highest and lowest grey relational grade of each parameter as described in Taguchi method. The value of delta signifies the influence of the parameters on the process. Higher the delta value higher will be the influence [5] . According to the grade values shown in Table. 6 following graphs are drawn for each factor (Fig.1.a,b,c) . The graphs clearly indicate that the optimal parameter sets are A 2 , B 1 , and C 2 .i.e PSO-IW, Population size 50 and C values 2,2. As the optimum parameters' set is present in the selected sets of data, no confirmation test is done.
Conclusion
Particle Swarm Optimization is a very useful tool for optimization of various manufacturingprocesses. Its problem-solving ability, easy programmability and rapid result generation capability makes it very advantageous. In this study Taguchi based grey relational analysis is used to find out the comparatively more efficient and effective parameters for Particle Swarm Optimization.The results show the effectiveness of the proposed approach on selecting the optimum parameters for Particle swarm optimization by considering less number of data set. Moreover the delta values shown in the Table 6 implies that population size is the more influencing parameter than the other two.
